Abstract: Heteroaryl substituted allyl and homoallyl alcohols were synthesised with two different method. Synthesis of bis-allyl ethers and homoallyl ethers were carried out via reaction of allyl bromide with allyl alcohols and homoallyl alcohols, respectively. [2.3]-Wittig Rearrangement reactions of heteroaryl substituted bis-allyl ethers were investigated using GC/MS techniques. In these reactions two unexpected products were isolated in high yield.
Introduction
A selective carbon-carbon bond forming reaction was described by Nozaki-Hiyama in 1977 based on the mild addition of alkenyl, alkynyl or vinyl chromium (III) compounds to aldehydes in an anhydrous medium. The Nozaki-Hiyama reaction is mainly applied to aldehydes but ketones can be used in some cases and the reaction can be also extended to other organochromium reagents. This reaction has been widely employed in natural product synthesis, becoming the key step in some synthesis plans and it played a key role, for example, in the highly stereocontrolled synthesis of the aliphatic segment of the antibiotic rifamycin S [1] [2] [3] [4] [5] .
The [2, 3] -Wittig Rearrangement of unsymmetrical bis-allylic ethers is exceedingly useful for regio-and stereoselective preparations of substituted allyl alcohols. This reaction has also attracted the interest of chemists as the subject of mechanistic investigations and has been increasingly utilized as a useful methodology for organic synthesis [6] [7] [8] [9] [10] .
This article reports the synthesis of heteroaryl substituted allyl and homoallyl alcohols and their ethers. Also reported are synthesis of heteroaryl substituted bis-allyl ethers and their [2, 3] Wittig Rearrangement reactions. In this reaction, two unexpected products were isolated in high yields. These compounds were characterized by using 1 H-NMR, FT-IR and GC/ MS techniques.
Results and Discussion
There are several methods for the preparation the substituted allyl and homoallyl alcohols [11] [12] [13] . In this study, heteroaryl substituted allyl and homoallyl alcohols were synthesized using the Nozaki-Hiyama reaction. This reaction was carried out with both commercial CrCl 2 The [2.3]-Wittig Rearrangement reactions of 2-(1-allyloxy allyl) furan (5) and 2-(1-allyloxy allyl) thiophene (6) were carried out according to published procedures [6] [7] [8] [9] [10] . In all of the rearrangements of unsymmetrical substrates with different substitution patterns at the α-and α' positions of the two allylic moieties, lithiation takes place exclusively on the less substituted allylic moiety, thus leading to the exclusive formation of the [2, 3] -Wittig product as a single regioisomer as shown Scheme 1.
In this work, instead of the expected products of α-lithiation, compounds 9 and 10 were produced in the [2, 3] -Wittig rearrangement reaction. α-Lithiation products have been obtained when in compounds 5, 6 R 1 =CH 3 and phenyl and R=H [6] . On the other hand, the unexpected compounds were isolated when in compounds 5, 6 R= thiophene and furan, R 1 =H. We are not able to suggest a reaction mechanism for to account for compounds 9 and 10. The MS spectra of compounds 9, 10 are explained in detail in Schemes 2, 3. α-Cleavage is reduced to a secondary process, as demonstrated by the low abundance of a m/e 71 peak in the mass spectra of compounds 9, 10 (Scheme 2). Similarly, α-fission followed by olefin elimination is essentially absent. Instead, rupture of the carbon-oxygen linkage with charge retention on the hydrocarbon moiety (m/e 41) becomes dominant. In allyl alkyl ethers, carbonoxygen bond cleavage yielding allylic ions are the most important fragmentation process. Instead, a series of peaks of medium intensity at even mass numbers is observed whose genesis requires rearrangement processes, but the paucity of experimental data makes structural assignments very tentative [14] . 
Addition of Organochromium Reagents to Heteroaromatic Aldehydes: Synthesis of Heteroaromatic Substituted Allyl Alcohols (1, 2) and Homoallyl Alcohols (3, 4)
Method A:
Solutions of vinyl bromide (4.0 mmol) in DMF (10 mL) and heteroaromatic aldehyde (2.0 mmol) in DMF (6 mL) were added at 25 o C to a stirred suspension of CrCl 2 (0.98 gr, 8.0 mmol) in DMF (8 mL) over a period of 10 min under an argon atmosphere. After being stirred at 25 o C for 15 min, the mixture was quenched by addition of water (20 mL) and extracted with ether. The reaction mixture was filtered, the residues were washed with twice with ether, dried with MgSO 4 and concentrated under vacuum to give the crude product that was purified by column chromatography over silica gel.
Method B:
CrCl 3 (4,28 gr, 27 mmol) was reduced with LiAlH 4 (513 mg, 13.5 mmol) in THF (20 mL). After stirring at room temperature for 10 min, the heteroaromatic aldehyde (6.1 mmol) and subsequently vinyl bromide (13.5 mmol) in THF (10 mL) were added dropwise over a period of 20 min. After stirring for 3h and extracting with ether the reaction mixture was filtered, the residues were washed with twice with ether, dried with MgSO 4 and concentrated under vacuum give the crude product that was purified by column chromatography over silica gel. Allyl bromide (17.0 mL, 220 mmol) or vinyl bromide (220 mmol) in THF (20 mL) was added dropwise to a vigorously stirred mixture of heteroaromatic allylic alcohols (200 mmol), n-Bu 4 NHSO 4 (3.7 gr, 10 mmol), NaOH (16.0 gr, 400 mmol) and H 2 O (4 mL). The resulting mixture was stirred overnight at room temperature. The solid formed was filtered off. Usual work up followed by distillation afforded the title compounds. 
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